Cubic-shaped polyurethane sponges (15 × 15 × 15 mm) in the form of biofilm carriers were used in a moving bed biofilm reactor (MBBR) for treating synthetic domestic wastewater. it was observed that sponge carriers in the 20% filling fraction reactor achieved the maximum biomass amount per gram sponge, followed by the 10% and 30% filling fraction reactors.
Introduction
With governments around the world implementing increasingly stringent effluent quality requirements and eutrophication controls, conventional pollutants as well as nutrients must be removed more efficiently. Therefore, advanced attached growth reactors such as the moving bed biofilm reactor (MBBR) have been developed for treating wastewater. To a large extent these have achieved a high degree of operational efficiency. The MBBR process was developed on the basis of conventional activated sludge and the best features of the biofilter process in Norway in the late 1980s and early 1990s (Ødegaard et al., 1994; Chen et al., 2008 ).
Compared to the suspended biomass process, MBBR has certain advantages such as higher biomass concentration, higher chemical oxygen demand loading, strong tolerance to loading impact, longer sludge age, lower hydraulic retention time (HRT), higher volumetric removal rates, no sludge recirculation, relatively small area requirements and no sludge bulking The MBBR process has proved to be a very simple and efficient technology in municipal and industrial wastewater treatment strategies. In 2009 there were more than 600 MBBRs operating in 50 countries (Chen et al., 2015) . Successful treatment is achieved by having the biomass grow on buoyant carriers that are slightly less dense than water and moving freely in the reactor's water. Consequently, the biofilm carriers in the MBBR play a major role in Of all the types of carriers, the sponge carrier is considered to be an ideal one for the attached growth media, in that it has a high porosity for microbial immobilization with the ability to deposit biomass on the sponge surface and inside the sponge pores . Nguyen et al. (2010) studied the effects of sponge size and type on treatment efficiency under aerobic conditions. Their results revealed there was no significant difference in the organic and nutrient removal rates between sponge types. Chu and Wang (2011b) used MBBRs filled with 20% sponge carriers to treat wastewater with a low C/N ratio, concluding that total organic carbon and ammonium removal efficiencies were 90% and 65% at an HRT of 14 h, respectively. Luo et al. (2014) Consequently, the objective of this study is to evaluate the effect of filling fraction on the sponged aerated-MBBRs in terms of: (i) the organic and nitrogen removals; (ii) nitrification rate and denitrification rate performance; and (iii) biomass growth on sponge carriers.
Materials and methods

Synthetic wastewater
The experiments were conducted with synthetic wastewater. The composition of synthetic wastewater in this study was referred to the study of Lee 
MBBR experimental set-up and operation
Three bench-scale MBBRs L were employed with a cubic-shaped polyurethane sponge ( and denitrification rate (DNR) were calculated using (1)- (4): The results in Table 1 confirmed that R3 removed the most TN and correspondingly enjoyed the best SND performance, followed by R2 and R1. The results also indicated TN removal efficiencies in R1, R2 and R3 did accord with SND performance. Therefore, despite R1, R2 and R3 demonstrating the approximate average NH 4 + -N efficiency of over 95%, R2
Results and discussion
Effect on TOC removal
and R3 were better at removing TN than R1 because their SND capability proved to be superior. Table 1 , it is evident that there was no obvious difference in TN removal between a filling fraction of 20% (R2) and 30% (R3), which resulted from the higher filling fraction affecting the substrates'
transfer to the biomass into biocarriers. Under the same aeration flow the biocarriers' fluidization in R2 was better than R3 due to there being fewer biocarriers.
Overall, the filling fraction wielded little influence on TOC and NH 4 + -N removal, while mainly affected TN removal and SND performance. Considering the treatment efficiency, the optimum filling fraction was 20% for the sponge-based MBBR. 
Nitrification rate and denitrification rate performance
The nitrification and denitrification rates in three reactors were investigated. Three This result was consistent with TN removal of the three MBBRs (Fig.2 (b) ). In addition, the mean values of nitrification and denitrification rates in R1, R2 and R3, which showed that nitrification rate was higher than denitrification rate. It meant that the denitrification capacity is the controlling factor that affects the MBBR system's nitrogen removal ability. In addition, the difference between nitrification and denitrification rate decreased as the filling fraction increased, with the minimum occurring in R3. It can account for the highest TN removal and SND performance on average in R3.
In the meantime, NR and DNR performance differed from nitrification and denitrification capabilities in three MBBRs. NR and DNR of three MBBRs reduced with filling fraction increasing. NR in three MBBRs with 10%, 20% and 30% filling fraction ranged from 1.07- Table 2 shows the MLSS, MLVSS and biomass growth on sponges in the three MBBRs. It was very clear that MLSS, MLVSS, AGBS and VAGBS increased when the filling fraction rose. The results indicated the biomass in the sponge carriers played the major rule in how well the MBBR performed, because the amount of biomass in the sponge carriers was 5.6 to 6.0 bigger than the suspended sludge. This finding is based on the values of MLVSS and TVAGBS as summarized in Table 2 . The suspended sludge in MBBR mainly originated from the detachment. Under the higher filling fraction, collisions between carriers occur at a higher rate, which can produce an increase in biofilm detachment (Martín-Pascual et al., 2015) .
Effect on biomass growth
Therefore the larger sponge carriers volume resulted in higher MLSS and MLVSS (R3> R2> R1).
For the biomass attached to the sponge carriers, the AGBS and VAGBS amounts per gram sponge were similar for R1 and R2, both of which were higher than R3 ( Table 2 ). The results in Table 2 demonstrated that more biomass grew in the biocarriers in R1 and R2 than R3. This may have been due to better mass transfer in R1 and R2 under the same aeration flow of 0.09 m 3 / h. It is well known that the movement of the carriers is achieved through aeration, which is very important for the transport of substrates to the biofilm and biomass growth in carriers.
This is because the substrates (e.g. oxygen, carbon and nitrogen sources) have to permeate through the carriers' inside and then be transported to the microbial cells for metabolism (Nicolella et al., 2000) .
The amounts of AGBS and VAGBS on per gram sponge of R2 were slightly higher than R1 and this was due to shear force. The same aeration flow of 0.09 m 3 / h provided a higher shear force for R1 than R2, because the filling fraction of R1 (10%) was smaller than that of R2 (20%). Meanwhile, the total AGBS and VAGBS amounts (the values of TAGBS and TVAGBS in Table 2 ) in R2 were much higher than in R1, which resulted in R2 performing much better than R1.
It was observed from Table 2 that the total VAGBS and VAGBS in the reactors increased with the filling fraction. Of the three reactors, R2 revealed the highest value of total biomass with 2.122±0.674 g VAGBS/L. However, TN removal in R3 was slightly higher than R2
while the removals of TOC and NH 4 + that a larger filling fraction may not favour the treatment efficiencies which affected the transport of substrates in reactors under he same type of operation. Table 2 4. Conclusions
• The filling fraction wielded only a slight influence on TOC and NH 4 + -N removal but demonstrated a more significant effect on the TN removal and SND performance;
• NR was higher than DNR in three MBBRs while DR was affected more significantly than nitrification rate by the filling fractions of three MBBRs;
• NR and DNR all decrease with increasing the filling fraction;
• The amount of attached biomass on sponge carriers in the three reactors varied with the filling fraction;
• 
